Type I diabetes mellitus appears as the end result of an autoimmune destruction of the insulin secreting pancreatic beta cells [1] . The immunological mechanisms underlying the development of Type I diabetes mellitus as well as the role of environmental agents (e. g. diet, viruses, stress) in the pathogenesis of the disease have been the subject of considerable research. The rationale for investigating environmental agents involves an attempt to explain numerous epidemiological observations including the disease discordance rate amongst twins with Type I diabetes mellitus, a pronounced north-south gradient in the incidence of Type I diabetes mellitus, reports of an increased (e. g. up to fourfold) incidence of Type I diabetes mellitus over the past three decades, and the estimate that more than 80 % of patients with newly-diagnosed Type I diabetes mellitus do not have a firstdegree relative with the disease [2] . Diabetologia (1998) Summary Elevated cellular immune responses against the cows' milk protein b casein have been reported in individuals with Type I diabetes mellitus, a finding supportive of the concept that cows' milk consumption may be causative for the disease. We analysed cellular immune reactivities against b casein in newly-diagnosed Type I diabetic patients, their immediate autoantibody negative relatives, and unrelated healthy individuals in order to further elucidate the role of anti-b casein immunity in the pathogenesis of Type I diabetes mellitus. Peripheral blood mononuclear cells were stimulated in vitro with various concentrations of three different b casein preparations, control antigens (tetanus toxoid, mumps extract) and a mitogen (phytohemagglutinin). The frequency and/or mean simulation index of cellular proliferation against two of the b casein preparations at high antigen concentrations (i. e. 10 or 50 mg/ml) were significantly higher in newly-diagnosed Type I diabetic subjects compared with autoantibody negative healthy control subjects. However, reactivities against b casein in the Type I diabetic probands and their autoantibody negative relatives, individuals with a very low-rate of disease development, were almost identical. Cellular immune reactivities to other antigens were similar between the subject groups. In addition to indicating the need for appropriately matched subject populations (e. g. human leukocyte antigen (HLA) matched relatives) when analysing cellular immune responses, these findings support our previous contention that individuals genetically prone to autoimmunity may be deficient in forming tolerance to dietary antigens. However, the significance of anti-b casein immunity as a specific causative factor in the pathogenesis of Type I diabetes mellitus remains unclear.
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Keywords T-lymphocytes, insulin dependent diabetes mellitus, autoantibodies, autoimmunity, diet [Diabetologia (1998) 41: 731±735 Significant attention has been directed recently at the hypothesis that consumption of cows' milk in infancy may trigger the autoimmune process underlying Type I diabetes mellitus [3±5] . Early evidence supporting this ªcows' milk hypothesisº included case-control studies surveying infant nutritional practices (i. e. breast-feeding vs consumption of infant formula) and the subsequent development of Type I diabetes mellitus. Additional evidence included reports that the frequency of disease in animal models for human Type I diabetes mellitus, the BB rat and non-obese diabetic (NOD) mouse, can be modified (i. e. enhanced or prevented) through the alteration of cows' milk components within dietary chows. Furthermore, reports exist indicating enhanced humoral or cellular immunity or both in Type I diabetic patients to various components of cows' milk including b-lactoglobulin [6] and (most notably) bovine serum albumin (BSA) [7] . These three lines of evidence have been molded into a hypothesis which portends that the autoimmune nature of Type I diabetes mellitus is triggered by consumption of cows' milk based infant formulas too early in the life of persons genetically predisposed to Type I diabetes mellitus.
Recently, this hypothesis was bolstered by the observation that individuals with Type I diabetes mellitus displayed elevated cellular immune reactivities to an additional cows' milk component, b casein [8] . Specifically, elevated cellular immunity to b casein was observed in most newly-diagnosed Type I diabetic subjects, 2 % of healthy control subjects but not in persons with autoimmune thyroid disease. This finding complemented previous works indicating that casein could modify the frequency of disease in NOD mice and the identification of anti-casein antibodies in persons with Type I diabetes mellitus [9] . The latest report [8] , while encouraging in relating b casein to the mechanism most often associated with beta cell destruction (i. e. cellular immunity), failed to report investigations involving analysis of subjects more similar in their genetic risks for the disease. Additional unanswered questions involved issues regarding dose-dependency and the source(s) of antigen for the detection of such responses. These issues form the subject of this investigation.
Subjects and methods
Patients. Blood samples were obtained from 71 individuals involved in our ongoing studies of the natural history of Type I diabetes mellitus [10] including 32 newly-diagnosed patients (aged 13 ± 9.9 (SD) years; 15 male/17 female). Samples were collected from patients within only 3 days of the onset of initial insulin therapy. In addition, samples were obtained from 29 islet cell cytoplasmic (ICA) and insulin autoantibody (IAA) autoantibody negative first-degree relatives (aged 25 ± 13.6 years; 11 male/18 female) of the Type I diabetic subjects used in this study. Ten autoantibody negative healthy volunteers (aged 23 ± 8.9 years; 7 male/3 female) with no family history of Type I diabetes mellitus participated to establish normal control ranges for cellular immune responses. Informed consent was obtained from each subject or their parents or both as approved by the University of Florida Institutional Review Board. HLA typings were performed as described previously [10] . The respective distribution of specific HLA-DR combinations in subjects available or submitting to genetic testing were as follows: newly-diagnosed IDDM subjects (n = 25, 5 DR 3/4, 7 DR 4/X, 12 DR 3/X, and 1 DR X/X); autoantibody negative first-degree relatives of the Type I diabetic subjects (n = 23, 2 DR 3/4, 9 DR 4/X, 6 DR 3/X, and 6 DR X/ X); and healthy control subjects (n = 8, 1 DR 3/4, 2 DR 4/X, 1 DR 3/X, and 4 DR X/X).
Autoantibodies. ICA were determined by indirect immunofluorescence using unfixed, snap frozen human pancreata [10] . IAA were determined and reference ranges for positivity established as described previously [10] . Our laboratory is a regular participant in international autoantibody workshops designed for assay standardization and proficiency. Lymphocyte stimulation assay. Peripheral blood mononuclear cells (PBMC) were isolated and seven day lymphocyte stimulation's performed as described previously [10] . The cells were incubated with the following antigen/mitogens in triplicate cultures: 1, 10 and 50 mg/ml of each b casein; 10 mg/ml (0.875 Lyons floculating units/ml) Tetanus toxoid; 80 tissue culture infectious doses (TCID) 50 /ml) Mumps extract; and 10 mg/ml phytohaemaglutinin (PHA). We added 1 mCi 3 H thymidine to each well 19 h prior to harvest. The mean value of each triplicate stimulation was determined, with cellular proliferation expressed as a stimulation index (SI): mean counts per minute (cpm) incorporated in the presence of antigen divided by the mean cpm incorporated in antigen absence (medium alone). A positive cellular immune response was defined as an SI of greater than mean plus 2 SD of the healthy control responses for test antigens. PHA responses were measured after 4 days. Analysis of differences between study groups was performed using both analysis of variance (ANOVA) and Fisher's exact testing. Values of p less than 0.05 were deemed as representing significance.
Results
PBMC proliferation in response to recall antigens and mitogen were evaluated in short-term in vitro cultures established from the newly-diagnosed Type I diabetic patients, autoantibody negative relatives and healthy control subjects. No significant differences were observed between these subject groups in their levels of proliferation to the recall antigens. Specifically, the mean (SD) SI in newly-diagnosed Type I diabetic patients, autoantibody-negative relatives and healthy control subjects (respectively) were: tetanus (24. 5 , with no significant differences observed in their levels of mitogenic stimulation (p = not significant).
As shown in Figures 1, 2 , and 3, elevated cellular immune responses to b casein were often observed in newly-diagnosed Type I diabetic patients and their autoantibody negative relatives in comparison with healthy control subjects. In terms of the frequency of such responses as a function of manufacturer and antigen concentration, these rates varied from zero to 10 % in healthy control subjects, 17 to 52 % in autoantibody negative relatives, and 9 to 62 % in newlydiagnosed Type I diabetic subjects (Table 1) . Statistical comparison of these frequencies showed significant differences between both newly-diagnosed and autoantibody negative relatives compared with healthy control subjects at 10 mg/ml concentrations in the b casein preparations from two of the three product manufacturers (Table 1) . At the highest antigenic concentration, only one preparation of b casein showed significant differences in the frequency of response between the subject groups ( Table 1) . Comparison of the mean SI against b casein in all three study groups (Table 1 ) also showed higher levels of anti-b casein immunity in newly-diagnosed subjects and autoantibody negative relatives compared with healthy control subjects which were both dose-and ) were cultures of medium containing (A) 1 mg/ml, (B) 10 mg/ml, or (C) 50 mg/ml b casein. Dashed lines represent thresholds for positive reactivity. Solid bars indicate the group mean. Ab-rel, autoantibody negative relatives manufacturer-dependent. However, no statistical differences were observed in the frequency or level of stimulation (Table 1 ) against b casein in newly-diagnosed subjects and autoantibody negative relatives with products from either of the manufacturers at any concentration. Statistical examination of parameters that could potentially influence anti-b casein immunity (sex, age, HLA-type) in responding/non-responding groups failed to identify an association for such variables. Furthermore, the frequency of b casein responses in autoantibody positive and autoantibody negative newly-diagnosed subjects were similar (75 and 83 %, p = 0.9).
Discussion
Our studies confirm previous observations [8] that a significantly greater proportion of Type I diabetic patients display a PBMC response against b casein compared with healthy persons with no family history of the disease. However, most noteworthy is our finding that non-diabetic individuals genetically more similar to Type I diabetic patients than healthy control subjects also demonstrate elevations in immune reactivity to b casein. Potential explanations (among many) are that these studies involved investigation of autoantibody negative relatives who were in reality seronegative prediabetics, or that the HLA types controlling b-casein reactivity were markedly dissimilar between the two groups. In reality, the distribution of HLA-types was similar between the newly-diagnosed and autoantibody negative relatives and no specific HLA-DR type was associated with cases of anti-b casein immunity. Hence, the mechanisms underlying the lack of association with HLA and the relationship of Type I diabetic probands with anti-bcasein response remains subject to further investigation.
Our investigations also indicate that this immune response expresses itself in a dose-dependent fashion and that the commercial source of antigen can influence the results observed in these in vitro reactions. In the aforementioned study [8] Sigma b casein was used at a concentration of 20 mg/ml; a concentration within the range our investigation deemed optimal (e. g. 10±50 mg/ml). With respect to frequency of reactivity, our investigations suggest b casein from Fluka was optimal for identifying such responses. The rationale underlying the differences observed in PBMC responses to the three manufactures' b casein preparations is not known. Whereas the purity of the b casein reported by all manufactures was high ( L 80±90 %), we cannot exclude the possibility that some of the PBMC responses observed resulted from stimulation with non-b casein cows' milk contaminants in the preparations, or that the variance resulted from small differences in the b casein concentration in the manufacturers' products. Regardless of their source, more proliferative responses were observed in Type I diabetic patients and autoantibody negative relatives than in healthy control subjects.
In summary, in addition to indicating the need for appropriately matched subject groups when analysing cellular immune responses, these findings support our previous contention that individuals genetically prone to autoimmunity (compared with healthy control subjects) may be deficient in forming tolerance to dietary antigens [10] . Furthermore, the identification of anti-b casein immunity in non-diabetic subjects means the hypothesis that this agent is implicated in the pathogenesis of Type I diabetes mellitus should be viewed with caution but not that it is negated. Further investigation is clearly needed to identify a role for diet on the natural history of this disease. 
